An inductive interaction between the sevenless (sev) transmembrane tyrosine kinase receptor and the bride of sevenless (boss) transmembrane ligand is required for the development of the R7 photoreceptor neuron in the compound eye of Drosophila melanogaster. The boss protein is proposed to contain a large N-terminal extracellular domain, seven transmembrane segments, and a C-terminal cytoplasmic tail. The boss protein from Drosophila virilis (bossvir) retains strong amino acid identity with boss from D. melanogaster (bossmel): 73% identity in the N-terminal extracellular domain and 91% identity in the seven-transmembrane domain, including the cytoplasmic tail. By using P-element-mediated DNA transformation, the bossme and boss"ir genes were shown to rescue the D. melanogaster boss' mutation. The development of the R7 photoreceptor cell in the Drosophila melanogaster compound eye requires a specific inductive cue from the adjacent R8 photoreceptor (1). This interaction is mediated by the sev tyrosine kinase receptor (2-8) and by its transmembrane ligand, boss (9-11). The sev receptor is expressed by the R7 precursor cell, as well as other cells in the developing eye imaginal disc (7, 8) , whereas the boss protein is expressed by only one cell type, the R8 cell (10). Mutations in either the sev or the boss gene result in the transformation of the R7 precursor into a nonneuronal cone cell (12, 13).
transformation, the bossme and boss"ir genes were shown to rescue the D. melanogaster boss' mutation. The expression of bossvir protein in D. melanogaster is indistinguishable from that of bossmel protein. Noncoding sequences which may regulate boss expression were identified based on their conservation during evolution. The predicted sev protein from D. virilis (sevvir) was previously shown to be 63% identical to sev from D. melanogaster (sevmel). A chimeric gene, (sev'rl/mel), encoding the extracellular domain of sevir and the cytoplasmic domain of sevmel rescues the D. melanogaster sev'2 mutation through interaction with either boss5V or bossmel.
The development of the R7 photoreceptor cell in the Drosophila melanogaster compound eye requires a specific inductive cue from the adjacent R8 photoreceptor (1) . This interaction is mediated by the sev tyrosine kinase receptor (2) (3) (4) (5) (6) (7) (8) and by its transmembrane ligand, boss (9) (10) (11) . The sev receptor is expressed by the R7 precursor cell, as well as other cells in the developing eye imaginal disc (7, 8) , whereas the boss protein is expressed by only one cell type, the R8 cell (10) . Mutations in either the sev or the boss gene result in the transformation of the R7 precursor into a nonneuronal cone cell (12, 13) .
As a step toward a structural and biochemical analysis of the interaction between the boss and sev proteins, we examined the predicted amino acid sequences of boss and sev homologs from Drosophila virilis, a species thought to have diverged from D. melanogaster some 60 million years ago (14) . The sequence of sev from D. virilis was previously reported (15) . Using P-element-mediated DNA transformation of D. melanogaster, we assessed the ability of boss and sev isolated from D. virilis to function with their D. melanogaster partners. In addition, we have identified genomic sequences which are potentially important for regulating the precise pattern of boss gene expression during development. ¶
MATERIALS AND METHODS
Materials. The D. virilis genomic library was obtained from J. Tamkun (University of California, Santa Cruz). The cloning vectors were previously described (9) . Chloramphenicol
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was obtained from Sigma. The sevmel germ-line transformation construct contains 17.5 kb of wild-type D. melanogaster DNA (16) . Taq I DNA polymerase was obtained from Perkin-Elmer/Cetus. DNA Cloning and Sequencing. DNA cloning, RNA blots, and sequencing techniques were previously described (9) . Hybridization of DNA blots and plaque lifts ofD. virilis DNA was performed at reduced stringency levels using 35% formamide (17) . Washes were for 20 min at 52°C. Twelve A clones from the D. virilis genomic library were identified and restriction-mapped. Both boss rescue constructs were sequenced as described (9) . Nucleic acid sequences and predicted protein sequences were analyzed with the Genetics Computer Group package programs (18) using default definitions of amino acid similarity.
Transformation. A 7.5-kb Xho I-Sal I D. melanogaster genomic fragment (9) and a 9-kb Sal I D. virilis genomic fragment containing the entire boss gene were subcloned into pDM23 (19) for P-element-mediated transformation of a h ry boss' line as previously described (20) . sevvirlmel contains a fusion ofD. virilis sev cDNA and genomic sequences with D. melanogaster genomic sequences. A D. virilis sev cDNA fragment was generated from D. virilis poly(A)+ RNA [prepared as described (17, 21) ] by reverse transcription and amplification (22) with the polymerase chain reaction (23 cloned 3' to the 800-bp sev promoter and 8-kb enhancer (24, 25) for transformation of sevd2;ry5O6 flies, as described (19) .
Analysis of Rescue Constructs. Staining of eye imaginal discs with anti-sev monoclonal antibody CT(114) (26) and anti-boss polyclonal antiserum CT2 was done as described (11) . The Rh4/CAT reporter construct (27) and chloramphenicol acetyltransferase (CAT) assay (28) were previously described, as was light-microscopy analysis of plastic sections from adult eyes (20, 29) . Rescue levels for D. melanogaster boss rescue constructs were determined in flies carrying two copies of homozygous viable insertions or one copy of lethal insertions. CAT activity levels were each determined from 10 adult heads and averaged for at least two independent trials.
RESULTS AND DISCUSSION
The boss Proteins from D. viruis and D. melanogaster Are Highly Conserved. The D. virilis boss gene (bossvir) was initially detected as a 9-kb Sal I fragment on a genomic DNA blot probed at reduced stringency with a D. melanogaster boss (bossmel) cDNA clone which contains the entire open reading frame. The same conditions were used to identify and isolate the bossvir gene from a genomic library. The Sal I fragment was shown to contain the entire boss gene by genomic rescue of boss' mutant flies (see below) and was sequenced. The intron/exon boundaries were determined by comparison with D. melanogaster boss splice sites and by using splice-site consensus rules. Both bossmel and bossVir have six exons; the length of the exons is highly conserved, whereas variation in the size of introns was observed. A 2.7-kb HindIII-EcoRI fragment from the bossVir genomic clone contains the bulk of the open reading frame. This fragment hybridized to a single message of about 3 kb on an RNA blot of D. virilis head poly(A)+ RNA (data not shown). This is similar in size to the bossmel mRNA.
The bossVir and bossmel proteins are 80% identical and 89% similar over their entire length (Fig. 1A) . This is comparable to the degree of conservation of the engrailed and hunchback gene products (80% identical), and greater than that of other eye-specific gene products sequenced from D. virilis, including rough (60% identity) and sev (63% identity). There are two potential initiator ATG sequences only 9 bp apart in bossmel. The bossVir sequence contains only one potential initiator ATG, corresponding to the second in-frame ATG of the bossmel gene. Should the second ATG codon be utilized, then the predicted translation products of bossVir and bossmel would be identical in length. Signal-peptide cleavage of bossmel and bossvir is proposed to occur at amino acid positions 29 and 30, respectively (Fig. 1A) .
The deduced protein sequences of bossmel and bossvir were compared by using the Genetics Computer Group's LIMGAP program (see Materials and Methods). A graphical representation of the similarities between the two boss proteins (Fig.  1B) imaginal disc (10) is also seen in the D. virilis eye imaginal disc ( Fig. 2 A and B) . (Fig. 3) other genes have been shown to play a role in the regulation of gene expression (27) . Putative regulatory elements in the two boss rescue constructs were arbitrarily defined as sequences which are >75% identical in the two species for .20 nucleotides (allowing for no more than 1 gap per sequence). These sequences are listed in Fig. 4 . We propose a role for some of these conserved noncoding genomic sequences in the regulation of boss expression.
bossvk Functions in D. melanogaster. P-element-mediated transformation with a 7.5-kb D. melanogaster genomic DNA fragment containing the boss gene rescues the boss' phenotype. Similarly the 9-kb SalI fragment containing bossvir was shown to rescue boss' (Fig. 5) . As previously shown (10) for bossmel, the bossvi protein is transferred from R8 to a multivesicular body in R7 in both D. virilis and transgenic D. melanogaster expressing bossvir (Fig. 2 B and C) domains of sevvlr and sevmel, though only 63% identical, function in a similar fashion with bossVir and bossmel. Since we can only roughly quantify the relative levels of sevmel and sevvir/mel expression in the developing eye disc, it is not possible to rigorously compare the relative efficiency of R7 induction in the interspecies combinations. The expression of the bossvir gene in D. melanogaster is indistinguishable from the expression of bossmel; it is expressed in the R8 cell in developing eye disc and in sensory structures in the embryo. DNA sequence analysis of bossvir and bossmel genes revealed 20 stretches of nucleotide sequence which share >75% identity over .20 nucleotides. We propose that some of these conserved elements regulate the spatial and temporal pattern of boss expression.
